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X-RAY DIFFRACTION ANALYSIS
JoNATH\N

PARSONS

For many years the tools and techniques of x-ray diffraction have been used
in minerology and metallurgy to determine the crystalline nature of solids. The fact
that this method of analysis is non-destructive and uses only small amounts of sample
makes it suitable where other, more conventional methods are not practical. This
laboratory was one of the first to apply these techniques to medical and biochemical
problems (23) (73) (84) (93) (113).
X-RAY DIFFRACTION METHOD. The great majority of all solids are crystalline
with their constituent atoms arranged in repeating, symmetrical, three dimensional
arrays. Gases, liquids and some solids (glass, plastic, tar, carbon black, etc.) may
have littie or no symmetrical atomic arrangement and are said to be amorphous. It
is a rare event when two different crystalline substances are found to contain atomic
spacings or arrangement which are at all similar.
A finely collimated beam of soft monochromatic x-rays, directed against a small
sample of powdered crystal is dispersed (diffracted) in a specific manner by the
particular atomic geometry inherent to the specimen, and patterns produced upon
photographic film by the diffracted x-rays are characteristic of the sample. The
pattern might be referred to as a 'finger print' for the unknown substance. X-ray
diffraction standard data are available for many compounds and provide a physical
method by which solid materials may be quickly and non-destructively analysed.
THE STEROIDS. The steroids are a family of substances critically important to
animal life. Metabolic studies relating to the members of this family are being
pursued by W. T. Beher, and his co-workers. Since these organic compounds are
crystalline and are present biologically in very small quantities, x-ray diffraction
becomes a logical method for their analysis and identification.
With the collaboration of Dr. Beher x-ray diffraction powder data for 139 of
the most biologically common steroids have been obtained. The obtaining of these
standard data for the steroids has been a necessary step in contemplation of the
further use of the technique for the chemical analysis of biological extracts. To make
the data available to other investigators in pharmaceutical, medical, and research institutions, powder photographs and pattern data from the studies have been reported
in a series of four papers which have appeared in Analytical Chemistry (107) (108)
(123) (153). These data have been correlated with melting point determinations for
each steroid. Since two or more polymorphic crystalline forms often may exist for
some steroids, information about the solvent and method of crystallization are also
reported. An index to the 3 strongest diffraction lines for each steroid pattern is
being compiled for use in identifying patterns from unknown steroids. Such an index
will shorten the time necessary in searching for a matching standard pattern. This
data will be included in the x-ray powder data file published jointly by the American
Society for Testing Materials and the American Crystallographic Association.
The usual method of extracting the 3^-hydroxy sterols is to precipitate their digitonides. Comparative infrared spectrophotometric and x-ray diffraction studies,
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have been done with O. H. Gaebler, W. T. Beher and G. D. Baker (106) (157)
for six of the common steroids and their digitonides to determine the conditions
under which each method of analysis is most sensitive. The use of x-ray diffraction
definitely establishes sterol digitonides as chemical compounds, whereas, infrared
specrophotometry does not distinguish between digitonin, a simple steroid-digitonin
mixture, and the corresponding sterol digitonide.
The success of the x-ray diffraction methods for the analysis of the steroids is
an encouragement to extend these studies to include other classes of biological compounds, the lipids and fatty acids.
URINARY CALCULI. An accurate knowledge of th- structure and chemical composition of urinary calculi is needed in attempts to find a solution to the problem of
the etiology and prevention of kidney stone formation. The obvious similarity between
urinary calculi and minerals suggested the application of x-ray diffraction techniques
in studying their crystalline components.
The inadequacies of chemical analysis for urinary calculi are rather widely known.
These include: 1. Confusion as to the nature of the reactions which take place in
qualitative tests. 2. The minute amount of sample often available may be insufficient
for good qualitative tests. 3. The mixture of organic substance in these stones may
invalidate the chemical tests. Since the patterns of x-ray diffraction emanate from the
structural differences of the crystalline material, this method is not subject to the
above inadequacies. A fraction of a milligram of powder is all that is required to
obtain a diffraction pattern.
The following list contains the compounds which have been found in an examination
of 361 urinary calculi. The percentage occurrence of the particular molecules, or
combinations of them, in the population of the 361 stones is given in the table.
%
Calcium Oxalate (pure)

50.97

Calcium Oxalate plus Apatite'*

10.80

Apatite (pure)

9.42

Uric Acid

9.00

Magnesium Ammonium Phosphate (pure) (127)

6.37

Mag. Amm. Phosphate and Apatite plus Calcium Oxalate

3.00

Mag. Amm. Phosphate and Apatite

1.94

Calcium Hydrogen Phosphate

1.39

Cystine (59)

1.39

Zinc Phosphate (75)

1.11

Sodium Acid Urate

0.56

Other combinations not listed above

4.05

"Apatite, basic calcium phosphate.
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MICROSCOPIC PATHOLOGICAL MATERIALS. Thz pathologist often finds
minute crystals imbedded in tissue sections which have bean prepared for microscopic
examination either from biopsy or autopsy. The specific identification of such
crystals by conventional means is usually very difficult due to their minute sizes. The
x-ray diffraction section of the Physics Department has frequently been able to identify
these crystals by x-ray diffraction.
Two mounting techniques are employed depending upon the abundance of the
tiny crystals. A direct, needle-like slice of the tissue, mounted in a powder diffraction
camera will show the pattern of the crystalline material if the crystal concentration
is great enough. Such needle-liko slices of tissue are inserted into small thin-walled
tubes made of amorphous glass of low x-ray absorption coefficient. If an ignited or
ashed sample produces a good x-ray diffraction powder patt2rn this first method of
mounting also may give a pattern. The ashed sample pattern itself cannot be
used as a final judge of composition due to the chemical changes which usually occur
during the ignition process. A second method of x-ray diffraction study is used when
only a few microcrystals are present. This consists of using a special micro-camera
which permits proper alignment upon a microscope stage, to allow a small cylindrical
x-ray beam to traverse the particular microcrystal in question.
Such x-ray diffraction analysis procedures upon biological microcrystals have been
used to identify talc (magnesium silicate) in heart pericardial tissue, calcium phosphate
in broncholiths, mercuric sulphide in a tattoo granuloma, thorium dioxide in spleen,
and sodium acid urate in an ear tophus.
MICRORADIOGRAPHY. The nature of the radiation useful in x-ray diffraction is
also suitable for x-ray microradiography. Here a small specimen is placed in contact
with an extremely fine grain photographic emulsion. When soft radiation is allowed
to fall upon such a specimen a miniature radiograph is produced which can be
subsequently enlarged photographically.
A technique for injecting a suitable radiopaque fluid into the vascular systems
of experimental animals was developed in this department in 1951. The vascular
systems of organs were studied, by placing relatively thick sections of tissue, averaging
100 microns in thickness, into direct contact with a fine grain photographic plate.
By making two successive x-ray beam exposures, plates were obtained which could be
viewed upon a stereoscope. By this method very fine internal vascular details of normal
and pathological nature can be detected to a degree not possible in a photomicrograph.
Recent improvements in the design of x-ray source units for microradiography
have obviated the necessity for vascular injection in order to get suitable contrast
in contact microradiographs. With the acquisition of such a unit containing a 0.3 mm
x-ray tube focal spot and 50 micron beryllium tube window, it is planned to make
microradiographs of thinner tissue sections as well as other materials which possess
varying internal densities not seen by surface photomicrographs.
SUMMARY. X-ray crystal analysis is currently being applied in a wide range of
investigation on colloidal crystals of various types (95) (99) (117) (158), barbiturates
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and snake venoms. The writer is a member of the Joint Committee on Chemical
Analysis by Powder Diffraction Methods. This group is sponsored jointly by the
American Crystallographic Association and the American Society for Testing Materials.
Its purpose is to promote the use of x-ray powder diffraction by abstracting from the
hterature x-ray diffraction standard data as the latter is published. Word has been
received that the powder diffraction data for the steroids obtained in this department
are now being processed for inclusion in the next issue of the X-ray Powder Data File
and its index volume.
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